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Report No. 892 6-092;

Material - Adhesives - Structural ?-4
(Bloomingdale Rubber~ co)

Tensile atid Peel strength Telations

Abstract

Tension (Mil"Std 401-A) secimbens afid T-peel specimens, which applied force
normal to bond lines at a cbfttaht linear rate of failure in the bona be
tweefl two bonded aluminum, alloy strips, were prepated with f iberglass
cloth reinforced (suppor~ted), and ton-reinforced. W-4? (tloomingdale Jtibber'
Co.) structur~al adhesives. Gener~ally, all adhesives used wer'e pZre~cuZ'ed
At 220'F for onte hour prior to bonding at -320OF for one .. j un~der a
pressure of 100pi Various comrbinations of testing temperature, adheosive
weights and bond line thicknesses -were tested to arriVe at an emnpirical
expression which related the metal peel strength of -47 -bonds to the
mechanical proper~ties of the resin and facirngs i, reatio isg-n

as follows:

FD 5/3~t~ 1/3

where: F = applied force, pounds; d =moment of applied force, inches;
W = width of specimen, in~ches; K =a constant; T8 = strength of resin
in pure tension, psi; m.= thickness of facing, inches; t =thickness of
bond line, inches; and E = modulus of elasticity of resin, psi.
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FA 47 adhesive (Bloomningdale Rubber CO.) is a high strength adhesive with
low creep characteristics. It does not requir~e refrigerated storage.
Compared with other adhesives, its cost is low. It is 8omewhat brittle
at 75O)F* (as compared with ruibber based adhesives) and has lower measured
peel. strengthgi Aircraft parts are not ordinarily subjected to peeling
loads.i But design engineers are concernhed with the possible implications
of low peel strenitis.

Th,:e pax-pose of this investigation is to answer tile following questions:

1.Whtat are the peul characteristics of N4 47?

2. What is the significance of these characteristics?

3. how are these related to the mechanical properties of the resin and the
facings?

4. What techniques with iN 47 may give more favorable characteristics?

FiEFIN IT IONS:

To peel is to separate bonded facings by progressive failure starting at
one end.

T-peel strength is the force normal to the bond line required to maintain
a constant linear rate of failure in the bond between two bonded strips.
The standard test used in the Engineering 'test Laboratories, C-SD, is a rate
of failure of five inches per minute between two .0201" x 1.0" x 9.0"1 2024-T3
alclad strips.

The terms brittle and flexible as used in this report are arbitrary. A
brittle adhesive is one which fails by fracture in the temperature range
of a test.

A flexible adhesive is one which falls by creep rupture in the temperature
ran~ge of a test.

CONCLUSI01NS:k

The metal to metal T-peel strength of F14 47 bonds is related to the mechani-
cal properties o0 the resin and4 facing bthempirical equation:

gsu byth e 0 Us
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wSee

F aapplied f~orte (pounids)

d Umoment of applied: force (inches)

W width Of spe'dineft (inches)

Ka constant

Tas= strength of resin in pure tehaiots (psi)

2 thickness Of' racing (inches)

t thickness of gLue line ichs

E rrodulus off elasticity of resin (Psi)

(Ste appendix for derivation)

When 9xlO03 psi is taken as Ts and 6 x 1-5 pia ,Ksb ~o

2024-T3 alciad.

FM 47 bondis fail by fracture in the temperature range rm-OF o+10F
and by creep rupture in the rag.e + 1100F. to l9O~.(Tbe ~ and I)

The force required to maintain a constant rate of peeling Is increased by
increasing the rate in the flexible temperature range, but it is onlysihl
affected by rate in the brittle temperature rangO. (Tables I!, III, V).

The strands of fiberrlas mesh in the adhesive aet as expansion joints in

the resin. Their primary effect in peel tests is to Increase the flexibility
of the failed facing and its attached resin throughout the brittle tempera-
ture range. These expansion Joints may slightly improve load distributi-OPP
but the evidence of tests Is -still inconclusive on this point.

Forced drying of both FM 47 primed surface anFM4fim na vnte

(not cr utng) oven at 2200$, for one hour is necessary. Failure to
force dry the film as well as the primed surfaces has resulted in poor
bonds.

Peel strength tests show no inaeuie of F47aastrucuaahei.

q~m dos ofI 7a a e deie
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gta:'dard peal 1treICth teas are raCom.ielidad fat quality control.

The Uata repolted on staadard ijel te~ds are notS t ifur 6nglAneering
evalta- 3ion C, J3 re t re~~ ccnM' i ded rt' eliable sov.crea for deip infora-w
ation.

TEST SPECI1JENSt

T-Lpeal teat specimeins were5 one inch widei, Spevirneis with num bers proetde
by the prefix 2 we"e bonded at sixteeni by sixteen inch panels and cut into
strips using a table saw. Specimens with numbers without a prefix were
bonded ad individual strips.

Drum peel teat specimens were three inches wide and bonded an individual

Tenisiont test specimns were one by one by one inch aluminum alloy oubes
honded together in pairs.

All N 47 adhesive liquid and fils. used in this test had been stared in the
laboratory for at least one year without ref rige ration and without special
wraoDping or care. One lot of FM 47 liquid adhesive had been stored in the

labratryfor at least five ywea.

All FM 47 primed sur-ftae a-nd film Oft test specizent reported were force
dried for one hour at 220 F as recommended by the Bloomingdale Rubber Co,

Unless otherwise noted in notes on tables, the bonding tine was 60 ±5 mma.,
the bonding temprature was 320 0F ±100r, ad the bonding presure a
100 ±10 psi. Parts were cooled to 1500F under pressure.

AF U2 tape on 9C 1860 primed Surfaced was used where comparisons with
ru'.ber based adhesives we r e de s ire d.

TEST PROC-!DURE-s

References:
Tensiles test (in tension ) - MIL STD 401A
T-peel tests CSD Spec. 22 01310

Dr- Pel Test " MIL STD '01A

Standard test pro c.dures were used as fa~r as posaitle. These wer-i modified
only to the extent necessary to obtai% thie informition desired

Appropriate sketches to illustrate test procedures us ed are included on eah
sheet of tabulated data.

The moment of the applied force in T-speel teots Was measured with a str ight
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TEST ..kROCEWRE: (conitinued)

edge and rule. The machine Was Stopped for Me~asurements of the mionenit
when testing within~ the otrittle ranrge of the adhesive. It was necessary
to -nake measuemnents du~ring the alpplication of the load when testing with-
in the flexible rtige of the adhesive. The probable eror in nmeasure-,ients
of the moment of' the applied force is etimaited to be .05 ifichesi,

Force veasurements reported are from autointie rcorders.

There was some diffioeaity juring the tension tests of F'M 4~7 du~e to shearing
of' Steel ping an,! Jeiorm-ation of Aluminum parts under load. Some of the
devi-Ationis in values may have been Juie to, uneven application of loads, i. *.
deformed parts not Alignin., properly. (Table I)

R-LSiJU)LT$:* Results are tabulated in Tables I through V.

QDISJsai ON- -DFL-RESULTS,:

T-peel test data first collected were found to be intonplete and useless
as soon, as attempts were made at analysis. Other T-rpeel testa were there-
for undertaken in which the moment of the applied force was measured.,

In dram peel tests it was found that the Skin at the point of failure does
not conform to the surface of the drum. The flange on this apparatus in-
terferes with measurements. The data on this test (shown in Table VI) is
useful only for possible indications of creep characteristics at 750F.

FMo47dsupported film is manufacue in thr- ee weights .03, .05, and .07
ponsper Square Coot. The threads of the fiberglas mesh are spaced

about .1 inches apart. The unsupported film (type)isntddfoue
in filling spaces where there is a mismatch of parts.

The fiberglas strands do not supply enoughY bulk to appreciably chanae the
mechanical properties of th~e resin. They art found, however, to act as
expansion jointsa in the resin. Examination of failed peel specimens shows
the facin- material to be 'bent back sharply along each transverse strand.
These *bend. floeahtasrestrand exactly.

The FM 47 resin remaining on the failed facings of peel specimens add to
their stiffness. Th - h e fibergl-as strands allow the- -iled part of~ the fac-
ings to bend more readily. This decreases the moment of the applied force,
and the force reading increases sharply. When two layera of film are used

th tands are brought into more intimate contact with thefins They
are then more effective in reducing failed facing StiMfns,
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DISCU SSIQ'N _OF__ ILTS: ( Continued)

With type 0 unsupported tape the fractures are irregular and the Moemsnt
of the applied! force chant:eo sharply and abruptly.

The rubber based adhesives are brittle adhesives below their freezing
(second order transition) point, about +280P. The uasul force reading
with AF 32 at 650F. has been about eight pounds. To test the above ob-
servations, two layers of AF 32 film were bonded between 2024mT3 Aiclad
facings with a layer of scrim cloth next to each facing. Wheen tested at
-650,F. the force reading was 28 pounds. The moment was measured as .35
inches. The product of the force and its moment is 9.8 inch poundS.

When the peeling load is applied, the inner surface of the metal facin, is
Stretched. The expansion joints due to the gl6ss threads may relieve some
of the stresses which result from this strain in the facing. It is possible
that such joints allow a better distribution of loads. Neither of these
possibilities can be confirmed by data available at the present time.

In the flexible range of an adhesive very small changes in the strength of
a bond result in large changes in the moment of the applied force. This
gives a large magnification of the changes in the quality of a bond in
terms of force. The standard T-peel tests are therefor excellent quality
control tests. Simultaneous measurements of force and its moment would be
required for design information. Such simultaneous measurements of accept-
able accuracy would require the use of photography. The iformation may be

obtained more easily by direct measurements of mechanical properties.

1jE: The original data upon which this report is based is in Structures and
Materials Laboratory Notebook No. 987.

P O . .U M _ i .. ..". . . .. . .. . .. . . . . . . .... .. . . . . . . .. . . .
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TABLE I
Teasile Strength in Tension

Cure Test Data
Id jr. Film Time Temp. Poe~sure Load Area Load Avg
ti f ica- (mhi) (PSI) (Lbs) Sq.Z6 n, (PS)
tion FM 47

1 .05#(2) 60 320 100 6,640 .904 7370
2 if " " 9200' .904 10020
3 " " " " 80'80 .873 9250
4 'S " " 8660 .8,90 9750 9098

FM 47
5 Type 0 60 320 100 8040 864 9320
6 11 " " 6400 .890 7180
7 ' 'S " 'S 8850 .904 9800

8 " " "S 6600 .836 7900 850
FM 47

9 .056# 60 300 100 6750 .950 7120
1i0 ' 3 ' 6660 .950 7020
11 " ' 6500 .950 61850
12 " 'S " 6480 .950 6830 6960

13 AF 32 60 325 100 -

14 ' 'S 2100 .950 2210
1 S S 'S% 2'050 .950 2160
16 ' 'S 2100 .950 2210 2193

Specimens 1,2, 3, and 4. To layers of .05 Lb/ou.ft. F 47 film Used. One
layer of film used on all others.

cubes
Specimens were prepared by bonding two 1" 1 i x 10 aluinum alloy/together.-

MIL STD 401 A 15 June 56, par 5.2.3.1 and
Fig. V page 19.
See sketch right, below

Test temperatures Room Temperature

So7
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TARLE II
T-Peel +1900F to - 800 F

Single layer of film
iden- Ftcins Glu6 1ine Test F d F x d Failure

tifica (incrhes) Thickness Ternp (Lbs) <inches)
tion (inche) a?

S1i .020 4008 -80 11 .8 8.8 Fracture
$25 i 60 14 7 9.8

16 .6 9.8S1 
-40$ 16 .7 12.0

S12 -20 12 .8 9,6 1

M 6 0 20 a5 1060
S24 +10 18, v.5 9.01
S3 " +20 22 .5 11.0
84 " +392 20 45 9.0 "
8i4 +75 22 .48 10.56 "

S22 +1210 32 .3 9.6 Creep rupture
S20 +130 50 .1i5 7.5
S7 " +140 40 .3 9.2 "
S2 +160 44 a25 1160 W
9 180 41 62,7 11.0 It
After machine stoppedil fin. 23 .S7 8.5

.02,0 .008 #190 38 .2 7.6
After machine stopbed, 1 min 3 4 .33 11.3

X .064 .011 +185 1o 1.8 90.0
All specimuens one inch wide.
S numbers:

Facings -. 020" 2024 T3 Aiclad
Adhesive - 1 layer .05#/sq ft FM 47 film
Bonding 60 min x 3200 F x 100 psi

Facings -. 064" 2024 T3 Aiclad
Adhesive I 1 layer Type 0 Fm 47 film .
Bonding - 60 min X 320F x 100 psi

Rate of peel: 5 inches/minutle
Cooling: Immersion in methy! and isopropyl 4.

alcohol cooled to test temperature with
solid carbon dioxide.

Heating: Immersion in water heated to test
temperature.

Soak time: 10 to 15 minutes.
Tested immersed.

ORM IsI.-A



~AYBC 0 N V A I R it.pAGE. 8 w-7
,IPARED S" £ - IVIM S Of' 46WE1k ONmmIN 09WR.Ai..N RPR O 4

nECKED by Picotte/Keller/Suthorlfld SANML REA 7038
&tEVISED BY DAIU 1-20-59

TAA3E InI
to-Peel m906P t o + 1007P
Double Layer Adhesive Film

lden'. Facings Glue lifts T OF Force d P x d Failure,
tuifioa- (inches) Thickness (test) (F) (inches)
tion (inches) Pounds
831 .020 6015 -90 19 .5S 9.5 Fracture
834 4 -0 29 .5 14.6
345 "-50 26 A45 11.2
S44 8 3 9 . .

16 .7 l
832 " 10 27 .4 1.

347 a8 25 44 10. 0

S41 ""+910 26 65 13.0
82,8 " +32 25. .4 101.0
S36 +40 30 .4 12.0
S'50 "+50 34 J38 12.9U
318 IN +66 35 .36 12.2

S151 "+77 35 .35 1.
8137 + 41001 40 .28 11.2

38 .32 121.16
S4S +110 44 .28 12.3 Mod, Creep Rupture*

After machine stopped 1 M i. 33 A28 10.6
S152 X020 .015 +120 45 AS5 11.2 Creep Rupture
S43 9+130O 60 .15 9.0
S29 +140o 5 .15 8.2.
S30 INI +160 54 .25 nos.5

After machine stopped 1 min 30 "as 10.5
S39 020 9015 +180 45 .25 11V

After machine stopped 1 Min 26 .32 8.2 :
S42 .020 .015 +190 47 .2 9.4 U

After machine stopped 1 min 22 .35 7.7

All specimens I inch wide,
Facings - .02,0" 2024 T3 Aidedd
Adhesive m 2 layers 005#/sq ft FM 47 film
Bonding - 60 min x 32007 x 100 psi
Rate of peel " 5 inche/mnute
Cooling Imersion in methyl and isopropyl

alcohol cooled to teot temperature with
solid carbon dioxid

rleating - Immersion in water heated to test
temperature

Soak time w10 to 15 minutes
Tested inme rued

*Moderate amount of creeop

FORM 1612-A
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Room TABLI

Glue RoomTemperature ?-,pool

ld.. io Film ,Ayer. Poing oe Moment P x d
tifioa-Thickneu Thionese (P) (d)
tion (inch.e) FV 47 (snoh.) (pounds) (luchei.)
1 005 .03# .010 15 . .
9 f.00,8: 2 A01 20 .1 3.0
3 .01 .O# 1 .010 24 .15 3, 1
4 . 016 9 .010 97 .1,3.4
5 .004 .# 1 .020 148.4
6 .008 " 2 43 .5 10.75
7 .012 .07 I 19 86 1.180 g 46 .5 11.5

31 .010 .05# 1 21 A48 10.8
S8 .010 10 24 .48 11.52
314 .010122 .48 1065"
319 .01 0 1 23 47 10.81
35 .008 1 ' .45 10.8
88 .008 1 " 2'6 .411-7
Sio .o008 1 25 .47 11.7
818 .008 " 124 .47 11.28

S21 .008 1 .4 11.
123 .008 1go 25 .45.2
S26 .008 1 " 25 .4 1.25
327 .016 *2 " 38 '33 10.89S33 .016 * 38 . 11.4

I 4o .016 2 *30 .4 120346 .1 *2 28 .42 11.76
S51 .015 2 35 ,$5 12.2
835 .015 2 33 .39 12.87
S46 .015 2 32 .4 12.8
9 .010 1' 1 .040 14 2.2 30.8

10 .018 2 " 15 2.1 31,5
11 6023 " 3 U' 322 1.6 35.2
l2t .030 " 4 3. 31 1.25 38.75

60 umin x 320-F x 1,00 ppi
Rate of peel, 5 inohemn
Te;Temsp. 70OF to 60 .-

Faoing material
2024 T3 Aiclad

I _
pea. tol
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TABLE V
Dbm Peel Tests

l'e. Glue line pilm Layers Aro Gap Mathirte Aw'. Wad Corr i* Comp.;:4
~tjficsa-Thi6Ine~S (inches) (inches) Hesad (poun-d) Load Torque
tion (ineh-es) Travel (potm-ds) (intch-7

FuM47 (ik/lmin) Lbs/in.,
A .003 .03# 1 :5 2I15 204 34

B ~ . 1 .5 188.7 181.29 30:.2
.007 2 .5 2778-. 261.1 44.9

.007 W 1 .5 288. 281.1 46.89
1.0 .05 .8 i"04 255.8 248.1 41.3
1.10 . 06 .02 260.7 253.2 42.2
1.0 .05 -. 8 .02 .1 252.64 244.0 40.8

'6 .001 :65 94 910 5 24 2395 9.
F 081 .5 254.4 246. 41.e1

G 6016 9 .5 236 228.5 3 8.1

H 0162 .6200 1092.5 32.1
I 009 .07# 1 .5, 27.5 220 37

J .011w 1 j.5 210 202.5 33.7
K Oft " 2 6UOw. 149 141.5 23.6
L .019 Typ0 1 .5 135 127.5 21.3

.006 AP 32 1 ID5 855 847.6 141.2
N .006 -1 1.5 .1 -. 15 04656 647.5 107.9

1.5 .1 C-.16 .09 624 818.5 102.*2

Top Skin: .020'x 3' x 12' 2024T3 Alclad
Bottom skibs .126P it 3' it 8" Al Aly

Bonding,
Specimens Ato Dand 1toli 60min x320Fx 100 pai
Specimens B to H 90 min it SZ0F z 100 psi

Tres-t Temperature: Room Teprature

Blanks (.020* x 3' 12' 2024 T3 Alolad) 7.5 potmdp lea"

l1 1 2.5 inches

R2t2.0 inch@$

Specimiene 9 "~d N tested for
compgrison. 0l 32 is a
rubber based adhesive.

*corrected
00 computed

AR(c

(4L
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1 Handbook-for Adhsives, Blootningdale Rubber Co.6, 0Chester, Pa.

Processes for Bonding Sec6tion -I
Properties of Metal to Mital Bonds Section 2.2

2. ANC-723 Sandchont iof' rra.

Part Ii 1955, Air Research and Development Comand

Summary of t..t results in evaluation of Fm 47 (01CMh L6 Mabrtin Co.
Engineeriog Report 426547) a-Col6 11 Table 2-3, page 44.

3. hklandb-oAof-oChsmistri'v and Phvsi. Chemical Rgbbtr Publiuhinag CO.,
Cleveland, Ohio.

Variation of Tenperatbure, with Altitudet page 3127.
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APHNVDIX

Derjvatici of the T461eel 31:atior-i

The applied forde and its momrent ae set 6e-val to radst-ance to the peeling
iur~qus.

JFd .- KTa -A--(-)

F applied force K- a constant
d moment Of the fotoe To= tensile strength of the adhesive
IF =Width of the Specimen in, tension

A =area Of bond under load

The area, A, will be proportional to the amount of deformation the adhesive Will
,mdeirgo before "Failure and to the resistancet of the facing~ in the area under load to
oending.

Empirically the effect of the thickness of the facing n is f ound to be in the
order of m- . if the adhesive deforms an amount, s, before failing, anA th, system
behaves ad a loaded cantilever beam, then

Asihn tha thes) deo ie %re K is a constant.(2
__~siig thttedfrm~t on othe adhesive o loa" HoodeIs law,,

5 K3 (~t (3)

Where W- the modulus of elasticity of the adhesive
t the glue line thickness
K3 a constant

Susttting the equivlen epresslions for the area neuto ,a4cletn

constant terms into the single cofltant,

F d _ 

4

FORM 1412.A


